Background The present study investigated pollution in surface soils of five dominant land use types in central Kenya. The mean concentration of heavy metals (Zn, Hg, Cd, Cu, Cr, As and Ni) in (mg/kg) and two organochlorine pesticides (DDTs and HCHs) (μg/kg) were determined. Method Heavy metal contamination and potential ecological risk using the Nemerow pollution index and Hakanson ecological risk index respectively were used in examining pollution level. With the help of multivariate analysis sources of heavy metal pollution were identified which were mainly from anthropogenic activities. Notably, heavy metal concentration in our study was compared to other regions within the country, results showed regional variation. Total levels of DDTs, HCHs pesticide and their constituent isomers in the surface soil were determined by a gas chromatography (GC-μECD).
Introduction
Globally, there are concerns on pollutants in air, water and soil environment and links have been drawn between types and levels of pollutants and their health effects. In Kenya, contamination by pollutants such as heavy metals and organochlorine pesticides exist in different parts of the country especially in agricultural soils and water bodies. In regard to this, a number of studies done previously account for a considerable concentration of heavy metals and OCPs where, the risk assessment of these pollutants in the environment show potential health risks especially Hg, Cd [1] . However, studies on soil pollutants in Kenya are still minimal as compared to other developing countries in Africa. This makes study of heavy metals and OCPs important because they result from activities such as industrialization, agricultural and urbanization [2, 3] .
Heavy metals as major soil pollutants are a group of inorganic compounds such as lead, chromium, arsenic, zinc, cadmium, copper, mercury and nickel. Unlike organic compounds, which are oxidized to carbon (IV) oxide through microbial processes, heavy metals do not degrade [4] . This makes heavy metals persist in soils for longer period once they are introduced. On the other hand OCPs are a group of persistent organic pollutants that have high detection rates in the soil environment. These compounds are of great concern worldwide because they bio accumulate and persist for longer periods of time. The most common OCPs are DDT and HCH, as they are among 12 persistent organic pollutants according to the Stockholm Convention [5] .
Soil contamination by heavy metals poses risks to human health and the entire ecosystem through direct ingestion, food chain i.e. soil-plant-human or soil-plant-animal-human, consumption of ground water contaminated by heavy metals which lead to reduction in quality of food through phytotoxicity and also agricultural land usability reduction [6] . Some of the associated health effects caused by heavy metals include nervous, cardio-vascular, gastrointestinal, renal, immunological and hepatic and respiratory effects [7] [8] [9] . Being ubiquitous persistent pollutants, OCPs have been identified as health threats capable of disrupting the normal functioning of endocrine and reproductive system of human beings and wildlife.
Studies have been conducted in Kenya on heavy metal accumulation in soil. However, these studies do not consider the aspect of land use as an influencing factor on heavy metal concentration in soil. Kenya, unlike other countries in the region has shown an upward trend in urban growth. According to regional variation in percentage, Central Kenya occupies third position in urban growth rate [10] . Therefore there is need to emphasize on conducting studies in this region owing to the environmental concerns that result from rapid urbanization. Furthermore, Cash crops such as tea, coffee and flowers are able to grow intensively as a result of the fertile agricultural soils and presence of Sagana and Chania Rivers. Moreover, Central Kenya boasts of various industries that deal with consumer goods and non-consumable products. The region also has ecological areas such as forests which occupy a significant proportion but there are few studies on pollution on such land use pattern. The various land use types in central Kenya and its proximity to the capital city makes it an important economic hub of the country.
In addition, environmental contamination by persistent organic pollutants in Kenya has not been studied well with only few reports being done in agricultural soils. Moreso, little attention has been given to OCPs which are current POPs [11] . It is therefore paramount to have more reports on status of OCPs due to current increase in urbanization, industrialization and high population in Kenya. More importantly identifying OCPs in various land uses will help in designing pollution control programs. Therefore the aim of this study was to (1) To determine heavy metals concentration in central Kenya according to various land uses, (forest, peri-urban areas, industrial towns, rivers, and agricultural land, (2) To examine possible sources of heavy metals by using multivariate analysis (3) To determine ecological risk indices of heavy metals using Hakanson ecological index method (4) To investigate occurrence of OCPs in surface soil and their possible sources (5) To determine the correlation of OCPs with total organic content in soil.
Material and methods

Study area
The selected study area, Central Kenya (0°45′S 37°0′E) is a region located north of Nairobi the capital city of Kenya,having a total area of 13191km 2 and population of about 4,383,743 (Fig. 1) . Generally this region is cooler than the rest of the country as a result of its high altitude, rainfall is also reliable as it falls in two seasons the short rains (March to May) and long rains (October to November). Cash crops such as tea, coffee and flowers are able to grow intensively as a result of the fertile soils more so major rivers such as Sagana and Chania Rivers cut across it. The region has various industries that deal with consumer goods and non-consumable products it also includes various urban towns and residential places. In addition ecological areas such as forest occupy significant proportion of the region but there are few studies on pollution on such land use pattern.
Sample collection and pretreatment
It was important to consider areas located closer to the Capital city Nairobi based on their land use patterns as central Kenya is a vast region. According to five dominant land use patterns, River, Peri-urban areas, Agricultural land, Industrial land and forest soil samples were collected in the following areas in central Kenya. For the selection of sampling sites, factors such as ease of access, disturbance by human beings were considered.
Sagana River, located in Kirinyaga a county lying at the south of Mt. Kenya where soils were majorly formed from volcanic rocks. This area is an agricultural region that serves the livelihood of people hence a major source of income. As a result of low land gradient around this region, Sagana River has patches of marshes and swamps which play the role of trapping silt and storing floodwater. Therefore 4 samples were collected along these wetlands areas of Sagana River.
Peri-urban areas of Makutano, Mwea center and Makuyu, areas located along Nairobi-Nyeri road highway, these areas serve as residential and market places, in this case 13 soil samples were collected in the areas paying attention to busy sites. In rice growing farms of Mutithi and Kakuzi where pineapples are grown 16 samples were collected by random sampling in the farms.
Other land use types included industrial areas of Thika and Ruiru this are common towns where industries such as industrial chemicals, packaging materials are located. Therefore, 8 samples were collected with much attention given to industries located near the road. Finally, 9 samples were randomly collected in Oloolua forest that serves as site for research institutions and outdoor activities to the citizens. The sampling sites by use of a GPS instrument were marked while soil samples were collected by digging 1-15 cm on the upper soil using shovel. There after the samples were packed in polythene bags and taken to the laboratory for extraction.
Firstly, the 50 soil samples were freeze dried in the laboratory for 48 h; they were thereafter crushed and powdered using mortar and pestle. After that the samples were filtered into fine soil by passing them through a 100-mesh sieve and stored in polythene bags before extraction.
Heavy metals and OCP analysis
For the heavy metals extraction, 0.10 g-0.15 g of soil sample was carefully weighed and put in Teflon tubes. Followed by acid digestion using 4 ml HNO 3 and 2 ml HF in a microwave (Milestone ETHOS ONE) digestion system at controlled Thereafter, Teflon tubes were cooled, uncapped and placed at 180 o c on a hot plate until the solution evaporated to dryness. Deionized water was added up to 50 ml volume and then solution filtered through 0.45 μ. The filtered solution was stored in polyvinylchloride bottles at 4 o c before analysis was done. Using an inductively coupled plasma-mass spectrometer heavy metals were analyzed, after preparation of standard samples. Also, total organic carbon was determined by measuring 0.005 g of soil sample, wrapping it in tin foil and placing it in a TOC analyzer.
For OCPs analysis, Extraction was done according to a similar procedure as [12] where 1 g of soil sample was blended with 3 g C 18 in a mortar for 5 min so as to obtain a homogeneous mixture. Soil sample was then added in a column packed from bottom to top with 1 g anhydrous sodium sulfate, 1 g Florisil, 1 g neutral silica gel and 2 g activated copper powder. The column was a polyethylene syringe barrel and will contain 0.22 μm membrane filter placed at the bottom and another one at the top after the soil mixture. Using dichloromethane, elution was made by gravity flow and thereafter in a gentle stream of nitrogen flow the effluent was concentrated till dryness. Before gas chromatography analysis the dry residue was redissolved with 100 μL n-hexane and an internal standard (PCNB) added. Samples were then analyzed in a gas chromatograph (Agilent Technologies, Santa Clara, CA, USA) equipped with an electron capture detector.
Pollution levels in soils has been assessed using Nemerow pollution index, where the ratio between concentration (C i ) and background value (S i ) represents single pollution index of a given heavy metal (i) [13] . In our case (S i ) values used were the background values of Ministry of Environment Finland [14] . Overall, the Nemerow pollution index (PI N ) was calculated by two equations below, the average and maximum pollution indices being represented by PI ave and PI max respectively.
Most research commonly, evaluate harmful effects of heavy metal using Hakanson Ecological Risk Index Method by [15] . This method does not only reflect the effects of heavy metals to the ecology but also takes account of the different background values of heavy metals. It has been applied in the evaluation of harm caused by heavy metals in soil and has so much influence internationally. Hakanson Ecological Risk Index comprises of single coefficient measure, comprehensive contamination, heavy metals toxic factor and the ecological risk index. The method is described by the following equations. RI represents the comprehensive ecological risk of heavy metals and is described according to the risk grades described by Table 1 .
Quality control and assurance
In respect to assuring quality control procedure, the procedure blanks and standard samples were run prior the sample analysis so as to determine the response factor and also check the precision of the instrument. The analytical method accuracy was given as a percentage for each heavy metal: Zn, 99%; Cu, 98%; Cr, 99%; As, 97%; Mn, 98%; Hg, 98%; Fe, 101%; Ni, 99%; Cd, 97%; Sn, 99%. Further, the instrument was calibrated before running the analysis to each set of heavy metal measurement while each soil sample was digested and analyzed in replicate. Heavy metal concentration of soil was given in mg/kg dry weight.
It is desirable to have a normal distribution of variables before carrying out multivariate analysis [16] . Data transformation was therefore performed to avoid low levels of significance in measured values. In this case log transformation was implemented in normalizing the data and making it much less skewed [17] . Relationship between heavy metals and TOC and among heavy metals was done by implementing the Pearson correlation analysis. Heavy metals source was determined by factor analysis through Principal component analysis (PCA) and eigenvectors analysis. Through varimax method, Rotation of principal components was employed. All statistical analysis was done by using SPSS 16 .0 version.
Results and discussion
Heavy metals concentration, sources, ecological and contamination indices Presented in Table 2 (MEF 2007) , the mean concentrations of all the metals were very low, however it was important to estimate the metal content in the soil as their accumulation may become detrimental to human beings in the future. As depicted by the Table 2 heavy metals Zn, Cr and Ni were the most abundant metals in the soils with maximum concentration of 44.84, 25.5 and 15.3 respectively. However, when compared to metal concentration from other studies within Kenya, the concentration was lower than Zn and Cd concentration obtained in Makupa creek coastal region that had high mean values of 1017 and 51 (mg/kg) [18] . The industrial activities and municipal waste in coastal region could explain the higher levels. Much higher mean values of Zn (3335 mg/kg) and Cu (525 mg/kg) were detected in a study done in soils of Ngara, Nairobi implying that the sources were not from natural geology [19] . When compared with our study, the concentration was very high implying intense automobile activities in Nairobi area. However, our study had much higher heavy metal concentration values as compared to Zn (0.87 mg/kg) and Cu (0.04 mg/kg) obtained in soils of river Kapsabet Kenya [20] . Moreover, in Eldoret rift valley region lower mean concentration of Zn (2.3 mg/kg),Cu (0.34 mg/kg),Cr (0.71 mg/kg) and Cd (0.03 mg/kg) were detected [21] . These differences in Table 3 , heavy metals showed significant variation in every land use pattern. Higher mean concentration of Zn (16.3 mg/kg), Hg (0.38 mg/kg) and Cd (0.22 mg/kg) was found in industrial land than other than land use areas this could suggest impact of industrial activities. Thika and Ruiru being renown industrial places produce packaging materials, automotive parts, painting pigments, cleaning products and roofing components of zinc, this may explain its direct accumulation in the soil [22] . In addition, accumulation of high Cd levels in this areas could possibly be from waste incineration,industrial sludge and burning of fossil fuels. According to [23] mercury, occurs at an average of (0.08 mg/kg) in the earth crust,in our case it occurred at much higher level (0.38 mg/kg) this could possibly be from chloralkaline plants emission. Peri-urban areas of Mwea, Makutano and Makuyu had high concentration of Ni (5.3 mg/kg) and Cu (3.6 mg/kg), concentration that was significantly higher than in the industrial land (Thika and Ruiru). This could be as a result of continuous use of different compounds of these elements in household items for a long duration as this areas Mwea center, Makutano and Makuyu serve as both market and residential places. The high concentration of Ni, Cu could be from multiple sources such as atmospheric deposition for example dust or vehicle emissions characterized from high traffic intensity along Mwea-Makutano-Makuyu road. Cr levels in soils of agricultural land and As levels in river was higher than other land uses with mean concentration of (5.4 mg/kg) and (0.11 mg/kg) respectively. High Cr levels in agricultural lands (Mutithi and Kakuzi) could emanate from irrigation by polluted water. This is aided by high solubility of Cr in water which makes it toxic [24] . High levels of Cr could also be attributed to fertilizer application applied to both rice and pineapple agricultural fields. High As in soil near the river could be attributed to river effluents, as Sagana river is polluted by industries such as the tanning industry [25] . In addition Hg metal was detected in the industrial and Peri-urban area, but not in other land use types, this could possibly be as a result. Table 4 , below shows a correlation matrix among heavy metals, strong positive correlation at 0.01 significance level was observed in Ni and Cr, Cu and Cr, As and Cr, Cd and Zn, Hg and Cd. The strongest correlation being between Hg and Cd (r 2 = 0.979), Cd and Zn (r 2 = 0.662) suggesting a common source of pollution among them. In addition, As vs Ni, Cu vs Ni had significant positive correlation at 0.05 significance level this could indicate a common origin. TOC had positive correlation with Zn and Cd at 0.05 significance level, therefore their increase in concentration increases with organic matter. Overly, it was observed that anthropogenic sources such as industrial emission, agricultural activities and domestic wastes were the major sources of pollution that contributed to concentration of studied heavy metals.
Principal component analysis was therefore done to define the interrelated patterns of correlation. Three principal components were obtained and rotated using varimax method for easier interpretation of component loadings. Total variance obtained for the three component factors was 92.176% as in Table 5 , while the first component (PC 1) explained 41.289% variance. This component was strongly related to Zn, Cd and Hg having high factor loadings of 0.953, 0.957 and 0.926 respectively Table 6 .When interpreting principal component analysis (PCA) all factors greater than 0.71 are usually considered excellent while the ones that are less than 0.32 are viewed as poor [26] . In this case all rotated factors had a loading factor above 0.71, therefore, Zn, Cd and Hg high factor loadings and their high concentration in the industrial area could be attributed to anthropogenic sources such as industrial smoke. The second component (PC 2) had 31.03% variance and was dominated by Cu, Cr and As, their moderate loadings of 0.928, 0.888 and 0.617 could be attributed to both anthropogenic and natural sources. Previous studies suggest that Cu, Ni and Cr sources are naturally influenced [27] . This is also in consistence with another research that deduced geology as the predominant factor affecting Cu, Ni and Cr concentration in soils [28] . Despite them being naturally influenced, the second component (PC 2) metal concentrations were significantly higher in agricultural land and peri-urban land uses. This could explain their anthropogenic sources that could possibly emanate from atmospheric deposition of vehicle emissions, effluents from industrial polluted river and fertilizer application. The third component (PC 3) expressed 19.857% of total variance and had significant loading (0.973) of Ni only. According to this context the source of nickel could be from natural origin despite its anthropogenic input in fertilizers. As nickel concentration as a result of fertilizer and manure is usually lower compared to the contents existing in the soils [29] . This could also be explained by lower Ni concentration in industrial land where in most cases, its concentration influenced by industrial activities [30] .
Furthermore, hierarchical cluster analysis distinguished different groups of heavy metals according to their sources. The results identified heavy metals into three groups, group 1 was made up of similar heavy metals as those in (PC 1) Zn, Hg and Cd in this case those affected by anthropogenic factors. Similarly, group 2 had Cr, Cu and As, heavy metals whose influence was based on both anthropogenic and natural factors and finally group 3 had Ni, only metal in (PC 3).
Therefore, it is reasonable based on the multivariate analysis performed and the on various land uses concentration of heavy metals to conclude that Zn, Hg and Cd are influenced by anthropogenic activities, Cr, Cu and As by both anthropogenic and natural sources and finally Ni by natural sources.
As seen in Table 7 , Nemerow pollution index in all land use areas was below 1, which indicates low pollution. However, .28) with the least polluted land use being River mean (0.14). The pollution level in all the land use areas decreased in the following order Industrial land>Peri-urban>Agriculture land>Forest>River. Single pollution index observed in heavy metals also was low, as they were all below 1.Notably, in the forest and river land use area, there was no observable pollution by Hg this could be due to less anthropogenic activities such as industrial emissions around the land use areas. Arsenic pollution level was also not observed in forest land use area this could also be attributed to less contamination from sources such as mining, combustion of fuels and timber preservatives. Highest mean single pollution index was observed in Zinc element (0.041) in industrial and forest land use areas as a result of industrialization and organic carbon content respectively.
The cumulative potential ecological risk RI in this study was 1.01 indicating low risk. Generally, single heavy metals had low values of risks ranging from 0.01 to 0.58, with Hg having the highest mean value of 0.58. The contribution of each single heavy metal to the cumulative ecological risk is presented in Fig. 4a which revealed the following, in order of decreasing percentage Hg (57%),Cd (15%), Ni (15%), Cu (7%), Zn (3%), Cr (2%) and As (1%).This was consistent with a study done on agricultural soils in Kenya where Hg and Cd posed high ecological risk compared to other metals [15] . Also, according to previous studies Cd and Hg usually have higher ecological risk compared to other metals [31] . Figure 2b shows ecological risk levels caused by heavy metals on different land uses under study that decreased in the following order Industrial land>Peri-urban land>Agricultural land>Forest>River. As expected land use areas that had high metal pollution such as industrial land and peri-urban areas had high ecological risk therefore, monitoring of human activities around these areas is paramount. Forest area also had relatively high risk compared to the river area, which indicates the need of protection of such ecological zones from heavy metal pollution.
Levels of OCPs (HCHs and DDTs),sources and correlation with TOC Figure 3 , below shows the total concentration of HCHs (α-HCH + β-HCH + γ-HCH + δ-HCH) observed in the surface soil of Central Kenya according to the land use types. There was observable differences among land use types,with the highest concentration being in agricultural land use. This is no surprise as pesticides are mainly used in agricultural lands than other land uses. High concentration of HCH was also observed in industrial land use which could be possibly be from impact of industrial activities because normally,there are no direct HCH sources from non-agricultural soils [28] .
The HCHs isomers α-, β-, γ-and δ-have 60-70%, 5-12%, 10-15% and 6-10%, percentages in technical HCH respectively. Notably, all HCHs isomers are toxic but among them α-HCH is more carcinogenic while β-HCH is the most stable isomer of them all. As shown in Fig. 4 , our study, α-HCH was more predominant isomer in all land use type while δ-HCH was least dominant. This could be attributed to their average half-life which is 20 weeks and 20-50 days for α-HCH and δ-HCH respectively [29] . Generally, the rate in which HCH compound degrades is as follows α-HCH > γ-HCH > δ-HCH > β-HCH [30] . Figure 4 shows the total concentration of DDTs in the surface soil of central Kenya which was comparatively higher than total concentration of HCHs which could be due to the tendency of DDTs to remain in soils longer than HCHs. The physicochemical properties of DDT which includes lower water solubility and high affinity for lipids also aids in their long term residues in soil [31] . This was similar to another study conducted on organo halogenated compounds in Kenya where DDTs concentration in soil was higher than HCHs [12] . As expected, higher concentration of DDTs was in the agricultural land use, with concentration of 242.18 μg/kg while the lowest concentration detected in river land use. It is well known that the major source of DDT contamination in soil is through direct application in agriculture which could possibly explain the high concentration in that particular land use [32] . DDTs isomers were in the following descending order p, p`-DDD > p, p`-DDT > o, p′-DDT > p, p′-DDE in agricultural land use type. Important to note was the relative high concentration of o, p′-DDT in all sampling sites which is quite similar to a previous study in a contaminated site, China [33] .
Previously, the ratios between parent compound and their metabolites have been used to identify pollution sources. A higher Ratio of α/ γ HCH (3-7) in soil samples dictates historical usage of HCH compound while a lower ratio indicates recent input of lindane [32] . In our study, high ratios were observed in agricultural, river and industrial land use which implies their sources could possibly be from historical input. On the other hand, forest and peri-urban land uses depicted lower ratios which could be from current input of lindane.
The ratio p, p′-DDT/p, p′-DDD + p, p′-DDE can also indicate recent input of DDT compound when the ratio is >1 and a ratio < 1 dictates historical input (Table 8 ). Our present study results on DDTs ratio are <1 in all land use types which suggest historical sources. Further, o, p′-DDT/p, p′-DDT ratio distinguishes the DDT sources, where ratio between (0.2-0.3) and (1.3-9.3) indicate technical and dicofol DDT input respectively [34] . Agricultural land use o, p′-DDT/p, p′-DDT ratio of 1.52 suggest fresh dicofol input while industrial land use ratio of 0.3 dictates technical DDT input .
According to research an association between organic contaminants and organic matter exist, where the latter plays a significant role in OCPs transfer in soil [35] . High organic matter in soil also supplies carbon that aids in microbial degradation of OCPs. In our study a negative correlation was observed between organic matter and DDT which could possibly explain that organic matter in the study region had no effect on DDT concentration. On the other hand, positive correlation was observed between TOC and HCH which could indicate that the latter enhances adsorption of HCH compounds.
Conclusion
The results of the study provides information on the concentration of heavy metals and OCPs in soils, central region Kenya. The surface soils of this region had lower mean concentration levels of heavy metals as compared to values by (MEF, 2007) . However, when compared to other regions in the country they were relatively higher in some regions and lower in other regions ( Table 9 ). The potential ecological risk of Hg, Ni and Cd was 57%, 15% and 15% respectively which could be detrimental if not carefully monitored. In addition land uses under high ecological risks were in the following order Industrial land>Peri-urban land>Agricultural land>Forest>River.
Observable differences in OCPs levels were found among land use types,with the highest concentration being in agricultural land use. DDTs levels were comparatively higher than total concentration of HCHs which could be due to the tendency of DDTs to remain in soils longer than HCHs. In agricultural land use type DDTs isomers were in the following descending order p, p`-DDD > p, p`-DDT > o, p′-DDT > p, p′-DDE. For land uses (Forest and peri-urban) sources of HCH could be from current input of lindane while (agricultural, river and industrial) land use sources could possibly be from historical input. Sources of DDT according to o, p′-DDT/ p, p′-DDT ratio in agricultural land use and industrial land use could be from fresh dicofol input and technical DDT input respectively. Total organic content had a positive correlation with HCH only meaning it could influence its concentration in soil. The findings of this study are important in assessing contaminants according to land uses that could be a step towards remediation and prevention strategies of regions whose levels of human activities vary.
